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The title compound, CioH 13 N 3 02S, crystallizes with two 
independent molecules (A and B) in the asymmetric unit. In 
the crystal, the A and B molecules are linked via pairs of N— 
H- ■ O and O— H- ■ S hydrogen bonds, forming dimers with 
i?l(14) and R 2 2 {6) ring motifs. These dimers are linked via a 
pair of N— H- ■ -S hydrogen bonds with an i?l(8) ring motif, 
forming chains propagating along the c-axis direction. The 
crystal was refined as an inversion twin with a final BASF ratio 
of 0.54 (11):0.46 (11). 

Related literature 

For standard bond lengths, see: Allen et al. (1987). For 
hydrogen-bond motifs, see: Bernstein et al. (1995). For back- 
ground to thiosemicarbazones in coordination chemistry, see: 
Casas et al. (2000). For their biological applications, see: for 
example, Maccioni et al. (2003); Ferrari et al. (2000). For 
related structures, see: Kargar et al. (2010tf,£>). 




Experimental 

Crystal data 

C 10 H 13 N 3 O 2 S 
M, = 239.29 
Monoclinic, F2j 
a = 6.0728 (3) A 
b = 16.1595 (8) A 
c = 12.8490 (6) A 
/3 = 90.238 (3)° 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
= 0.800, r max = 0.926 

Refinement 

R[F 2 > 2a(F 2 )} = 0.056 

wR(F 2 ) = 0.119 

S = 0.92 

5428 reflections 

293 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1260.91 (11) A J 
Z = 4 

Mo Ka radiation 
IX = 0.25 mm~' 
T = 291 K 

0.24 x 0.14 x 0.08 mm 



12062 measured reflections 
5428 independent reflections 
2303 reflections with / > 2a(l) 
R iM = 0.075 



H-atom parameters constrained 
A/w = 0.21 e A~ 3 
Apmin = -0.21 e A~ 3 
Absolute structure: Flack (1983), 

2232 Friedel pairs 
Flack parameter: 0.54 (11) 



D-U-A 


D—H 


H-A 


D-A 


D-H-A 


Ol-HlO- ■ S2' 


0.83 


2.53 


3.180 (4) 


135 


03-H30- ■ Si" 


0.83 


2.43 


3.143 (4) 


145 


N2-H2Af---03' 


0.90 


2.20 


2.954 (6) 


142 


N5-H5Af---Ol" 


0.87 


2.17 


3.009 (5) 


160 


N3-H3AfB---S2"' 


0.90 


2.53 


3.403 (4) 


166 


N6-H6iVB- ■ Sl iv 


0.88 


2.55 


3.398 (5) 


161 


Symmetry codes: (i) x H 


- 1, y, z; (ii) x - 


1, y, z; (iii) xH 


- l,y, z — 1; (iv) 


x-l,y,z + l. 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and PLATON (Spek, 2009). 
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(this paper was extracted from the research project). HK 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2360). 
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(£)-l-(3-Ethoxy-2-hydroxybenzylidene)thiosemicarbazide 
A. Adabi Ardakani, H. Kargar, R. Kia and M. N. Tahir 

Comment 

Thiosemicarbazones constitute an important class of N,S donor ligands due to their propensity to react with a wide range of 
metals (Casas et al, 2000). Thiosemicarbazones exhibit various biological activities and have therefore attracted consider- 
able pharmaceutical interest (Maccioni et al., 2003; Ferrari et al, 2000). Herein, we report on the crystal structure of the 
new title thiosemicarbazone compound. 

The title compound crystallized with two independent molecules (A and B) in the asymmetric unit, Fig. 1 . The bond 
lengths (Allen et al., 1987) and angles are within the normal ranges and are comparable to those observed for related 
structures (Kargar et al, 2010a,£>). 

In the crystal, the A and B molecules are linked via pairs of N-HO and O-H—S hydrogen bonds (Table 1 and Fig. 2) 

2 2 

to form dimers, with R 2(14) and R 2(6) ring motifs (Bernstein et al, 1995). These dimers are further linked via a pair of 

2 

N-H-- S hydrogen bonds, with an R 2(8) ring motif, to form chains that extend in direction [0 0 1] (Table 1 and Fig. 2). 
The crystal was refined as an inversion twin with a final refined BASF ratio of 0.54 (ll)/0.46 (11) for 2232 Friedel pairs. 

Experimental 

A mixture of 3-ethoxysalicylalehyde (0.01 mol) and hydrazinecarbothioamide (0.01 mol) in 20 ml of ethanol was refluxed 
for about 2 h. On cooling, the solid separated was filtered and recrystallized from ethanol. Colourless plate-like crystals of 
the title compound, suitable for X-ray diffraction, were obtained by slow evaporation of a solution in ethanol. 

Refinement 

O- and N-bound H atoms were located in a difference Fourier map and were initially refined with the O-H and N-H distances 
restrained to 0.82 (2) and 0.86 (2) A, respectively. In the final cycles of refinement they were constrained to ride on their 
parent atoms with Ui S0 (H) = 1.5U e q(0) and 1.2U eq (N), respectively. The C-bound H-atoms were included in calculated 
positions and treated as riding atoms: C — H = 0.93, 0.96 and 0.97 A for CH, CH3 and CH2 H-atoms, respectively, with U; so 
(H) =kx U e q(C), where k = 1 .5 for CH3 H-atoms, and k = 1 .2 for all other H-atoms. The crystal was refined as an inversion 
twin with a final refined BASF ratio of 0.54 (11)70.46 (11) for 2232 Friedel pairs. 
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Figures 




Fig. 1. The molecular structure of the two independent molecules of the title compound, 
showing 40% probability displacement ellipsoids and the atomic numbering. 



Fig. 2. A partial crystal packing diagram of the title compound, viewed down the a-ax- 
is, showing a one-dimensional extended chain along the c-axis formed via intermolecular 
O — H— S, N — H—O, and N — H—S hydrogen bonds [dashed lines; see Table 1 for details; 
only the H atoms involved in these interactions are shown]. 



(f)-1-(3-Ethoxy-2-hydroxybenzylidene)thiosemicarbazide 



Crystal data 




C10H13N3O2S 


^(000) = 504 


M,- = 239.29 


D x = 1.261 MgnT 3 


Monoclinic, P2\ 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: P 2yb 


Cell parameters from 2525 reflections 


a = 6.0728 (3) A 


6 = 2.5-29.5° 


b= 16.1595 (8) A 


|i = 0.25 mm 1 


c= 12.8490 (6) A 


7=291 K 


(3 = 90.238(3)° 


Plate, colourless 


V= 1260.91 (11) A 3 


0.24 x 0.14 x 0.08 mm 


Z=4 





Data collection 



Bruker SMART APEX CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
{SADABS; Bruker, 2005) 
7 min = 0.800, 7 max = 0.926 
12062 measured reflections 



5428 independent reflections 

2303 reflections with / > 2a(I) 
R int = 0.075 

Qmax = 28.3°, 9 m j n = 1 .6° 



h = - 



>7 



/t = -21^19 
/=-17-»17 



Refinement 

Refinement on F 2 
Least-squares matrix: full 

R[F 2 > 20-CF 2 )] = 0.056 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = l/[c 2 (Fo 2 ) + (0.0341P) 2 ] 
where P = (F 0 2 + 2F c 2 )/3 
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wR(F 2 ) = 0.119 (A/C>) m ax < 0.00 1 

5 = 0.92 Ap max = 0.21 eA~ 3 

5428 reflections Ap min = -0.21 e A~ 3 



293 parameters 



Extinction correction: SHELXL97 (Sheldrick, 2008), 

Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

1 restraint Extinction coefficient: 0.0087 (9) 

Primary atom site location: structure-invariant direct .. , , _. . ,,„„.,, , . 

, , Absolute structure: Flack (1983), 2232 Fnedel pairs 

methods 

Secondary atom site location: difference Fourier map Flack parameter: 0.54 (1 1) 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TI- *IT1 


CI 


0.2843 (8) 


0.3987 (3) 


1.0328(4) 


0.0372 (13) 


C2 


0.1042 (9) 


0.3625 (4) 


1.0844 (4) 


0.0424(15) 


C3 


-0.0613 (8) 


0.3257 (4) 


1.0275 (4) 


0.0485 (16) 


H3 


-0.1804 


0.3020 


1.0617 


0.058* 


C4 


-0.0523 (9) 


0.3236 (4) 


0.9203 (4) 


0.0562 (16) 


H4 


-0.1637 


0.2980 


0.8824 


0.067* 


C5 


0.1241 (9) 


0.3600 (3) 


0.8695 (4) 


0.0478 (15) 


H5 


0.1287 


0.3594 


0.7972 


0.057* 


C6 


0.2951 (8) 


0.3976 (3) 


0.9255 (4) 


0.0381 (13) 


C7 


-0.0470 (9) 


0.3298 (4) 


1.2529 (4) 


0.062 (2) 


H7A 


-0.0526 


0.2708 


1.2390 


0.074* 


H7B 


-0.1900 


0.3534 


1.2367 


0.074* 


C8 


0.0081 (10) 


0.3445 (4) 


1.3637 (4) 


0.079 (2) 


H8A 


0.1469 


0.3190 


1.3798 


0.118* 


H8B 


-0.1046 


0.3211 


1.4069 


0.118* 


H8C 


0.0177 


0.4029 


1.3763 


0.118* 


C9 


0.4833 (8) 


0.4345 (3) 


0.8726 (4) 


0.0420 (14) 


H9 


0.5945 


0.4587 


0.9121 


0.050* 


C10 


0.7230 (8) 


0.4779 (3) 


0.6336 (4) 


0.0528 (17) 


Nl 


0.4996 (7) 


0.4345 (3) 


0.7738 (3) 


0.0486 (13) 


N2 


0.6925 (7) 


0.4696 (3) 


0.7372 (3) 


0.0530 (14) 


H2N 


0.7890 


0.4848 


0.7866 


0.064* 


N3 


0.5579 (7) 


0.4547 (3) 


0.5733 (3) 


0.0652 (15) 
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Atomic displacement parameters (A 2 ) 





U n 


U 22 


t/ 33 


U 12 


U u 


U 2i 


CI 


0.034 (3) 


0.040 (4) 


0.038 (3) 


-0.002 (3) 


0.004 (3) 


0.000 (3) 


C2 


0.040 (3) 


0.048 (4) 


0.039 (3) 


0.001 (3) 


0.009 (3) 


0.005 (3) 


C3 


0.036 (3) 


0.050 (4) 


0.059 (4) 


-0.006 (3) 


0.012(3) 


0.001 (3) 
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-0.003 (3) 
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0.061 (4) 


0.057 (5) 
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0.032 (3) 
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0.090 (5) 


0.096 (7) 


0.051 (4) 


-0.002 (4) 


0.028 (4) 


0.014 (4) 
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0.038 (3) 
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0.040 (3) 
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-0.001 (2) 


0.000 (3) 
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U.U4oo ) 


A 1 1 07 (\ f\ 

U. 1 lo / (,loJ 


A A1TC (Q\ 

U.U3ZJ yo ) 


A ai 7c /1 r\\ 

u.ui / j y\-\j) 


U.UUoo yl) 


a aa 17 
U.UU1Z (IUJ 


i i 
CI 1 


a die fT\ 
U.U3o y3 ) 


A A1Q ( A\ 

U.U3V (4J 


A AIO fl\ 

U.U3o y3 ) 


A AA1 /1\ 

U.UU1 yj ) 


A AA/l /1\ 

U.UU4 (3 ) 


A AAO fT\ 

U.UUo y3 ) 


C1Z 


A A/11 /"J^ 

U.U43 ^3 J 


A AC 1 SA\ 

U.UJ3 


A A1Q fl\ 

U.U3V \3 ) 


A AA7 ^1\ 

U.UU / y3) 


A A 1 /l /1\ 

U.U14 (3 J 


A AA 1 <"1\ 

U.UU1 y3 ) 


C13 


A A17 f7|\ 

U.U3 / (4 J 


A AC/1 (A\ 

U.UD4 \H) 


A A/^A /'/1\ 

U.UoU (4 ) 


A AAC fX\ 

U.UUD yj ) 


A A 1 C /1\ 

U.U 1 j y3 ) 


A AAA 

u.uuy (3 j 


C14 


A A/11 

U.U43 (3 J 


A A/17 (A \ 

U.U4 / (4J 


a n^e (a\ 
U.Uoo (4 ) 


A AAO /1\ 

U.UUo yj ) 


A AA7 /1\ 

U.UU / y3 ) 


A AA 1 /1^ 

U.UU1 yj) 


1 c 

L-l J 


A A/1 C. (A \ 

U.U4J (4) 


A A/1 1 SA\ 

U.U41 (4) 


A A A 7 /^1\ 

U.U4Z (3 J 


A AA1 f1\ 

U.UU3 yj ) 


A AA7 f1\ 

—U.UU / (3) 


—U.UUj (3 J 


do 


A A1/1 /1\ 

U.U34 ^3 J 


A A1/1 (A\ 

U.U34 y^\) 


A A17 /1\ 

U.U3 / yj ) 


A AAT /1\ 

U.UUZ yj ) 


A AA1 

U.UU3 yl ) 


A AA 1 

U.UU1 ^3J 


i 7 


A A Q 1 (A \ 

U.Uol (4J 


a A77 ft;\ 
U.U / / (p) 


A A C /C //1\ 

U.U JO (4 J 


A A 1 1 fA \ 

U.U13 (4 ) 


A AIO /'/1"\ 

U.U3o (4 ) 


A AAA //l^ 

u.uuy (4j 


CIS 


A 1 1 1 (f\ 

U.13 1 (o J 


n 1 11 (1\ 
U. 1Z3 yl ) 


A ACA ^/)\ 

U.UjU (4 ) 


A AA1 /C\ 

U.UU1 yj) 


A AIO (A \ 

U.U3y (4 ) 


A AAO ^/1\ 

U.UUo (4J 


1 Q 

CIV 


A A/1 O /1~\ 

U.U4o (3 J 


U.U /Z yj ) 


A A17 /1\ 

U.U3Z yj ) 


A AAA /1\ 

U.UUU yj ) 


A AA7 /1\ 

U.UUZ yj ) 


A AA1 /1\ 

U.UU3 yj ) 


CZU 


A A1 Q CX\ 

U.U3o (3 ) 


A ACA /'/1\ 

U.UjU (4) 


A A1A ^1\ 

U.U3U (3 j 


U.UUo {3 ) 


A AA7 /^7\ 

—U.UUZ (Z ) 


A AA7 /^1\ 

—U.UUZ {3 ) 


N4 


A AT T /">\ 

0.032 (2) 


A AC 1 

U.051 (3) 


A AT A fl \ 

U.U34 (3) 


A AA/C /''>^ 

-U.UUo (2) 


A AAAO /1 A\ 

-U.UUU8 (19) 


A AAC /">~\ 

0.005 (2) 


N5 


0.041 (3) 


0.072 (4) 


0.031 (2) 


-0.010 (2) 


-0.0018(19) 


0.000 (2) 


N6 


0.063 (3) 


0.113 (5) 


0.032 (3) 


-0.025 (3) 


-0.003 (3) 


-0.004 (3) 


03 


0.051 (2) 


0.070 (3) 


0.034 (2) 


-0.017(2) 


0.0040(18) 


-0.0036 (19) 


04 


0.063 (3) 


0.067 (3) 


0.047 (2) 


-0.013(2) 


0.019(2) 


0.001 (2) 


S2 


0.0463 (9) 


0.1101 (15) 


0.0313(8) 


-0.0101 (10) 


0.0066 (6) 


0.0014 (9) 



Geometric parameters (A, °) 



CI— 01 


1.347 (5) 


Cll— 03 


1.378 (5) 


CI— C6 


1.381 (6) 


Cll— C12 


1.382 (6) 


CI— C2 


1.409 (6) 


Cll— C16 


1.385 (6) 


C2— 02 


1.367 (6) 


C12— C13 


1.351 (7) 


C2— C3 


1.375 (7) 


CI 2— 04 


1.375 (6) 


C3— C4 


1.379 (7) 


C13— C14 


1.395 (8) 


C3— H3 


0.9300 


C13— H13 


0.9300 


C4— C5 


1.387 (6) 


C14— C15 


1.356 (6) 


C4— H4 


0.9300 


C14— H14 


0.9300 


C5— C6 


1.399 (6) 


C15— C16 


1.389 (7) 


C5— H5 


0.9300 


C15— H15 


0.9300 


C6— C9 


1.460 (6) 


CI 6— C20 


1.459 (6) 


ci— 02 


1.426 (5) 


CI 7— 04 


1.447 (5) 


C7— C8 


1.480 (8) 


C17— C18 


1.513 (8) 


C7— H7A 


0.9700 


C17— H17A 


0.9700 


C7— H7B 


0.9700 


C17— H17B 


0.9700 


C8— H8A 


0.9600 


C18— H18A 


0.9600 


C8— H8B 


0.9600 


C18— H18B 


0.9600 


C8— H8C 


0.9600 


C18— H18C 


0.9600 


C9— Nl 


1.273 (6) 


C19— N6 


1.327 (6) 


C9— H9 


0.9300 


CI 9— N5 


1.350 (5) 


C10— N3 


1.319(6) 


C19— S2 


1.684 (5) 


C10— N2 


1.351 (5) 


C20— N4 


1.277 (6) 



sup-5 



supplementary materials 



no ^1 


1 .0 / O {J J 


Nl — N2 


1.386 (5) 


N2 — H2N 


0.8964 


N3 — H3NA 


0.8753 


N3 — H3NB 


0.8958 


Ol — H10 


0.8316 


Ol — CI — Co 


i in "7 (a \ 

ny. / (4) 


r\\ r^i 

Ul — CI — Cz 


1 in n 
1/U.U (D ) 


Co — CI — C2 


12U.3 (D) 


/~\1 /~11 

U2 — C2 — C3 


120. / (D) 


/~ii r^i 1 
U2 — C2 — C 1 


113. D (5) 


r^i r^i 1 
C3 — C2 — C 1 


lino fz\ 
liy.O (D) 


r^i r^i a 
C2 — C3 — C4 


12U.0 (D) 


r^i r^i ui 
Cz — C3 — Hi 


1 1 n "7 

ny. / 


r^/i r^i in 
C4 — C3 — H3 


1 1 n "7 

ny. / 


r^i r^/i r^c 
C3 — C4 CD 


1 1 n £. i c\ 
liy.O (D) 


r^i r^/i u/i 
C3 — C4 H4 


1 in i 
12U.2 


r^e /~M ua 
CD — C<H H4 


1 in i 
IzU.z 


r^/i r^c r^/; 
C4 — CD — Co 


ill n { z\ 
121.U (D) 


f^A /~^C UC 

C4 — CD — HD 


nn c 

ny.D 


r^c f^z uc 
Co — CD — HD 


nn c 

i iy.D 


r^i r^c /~^c 
CI — Co — CD 


1 1 O "7 1 C\ 

lis. / {p) 


r^i /""/: r^n 
CI — Co — C9 


1 in n 
12U.U (D) 


f^z r^c f^d 

cd — Co — cy 


ill i 
121.3 (D) 


/~*1 /~""7 r^o 

(J2 — C / — Co 


1 no a 
1U0.4 (D) 


/~\1 f^l \JH A 

U2 — C / — H /A 


1 i n n 
11U.U 


r^o f^n in a 
Co — C / — H / A 


1 1 n n 
11U.U 


(J2 — C / — H ID 


1 1 n n 
1 1U.U 


Co — C / — H ID 


1 1 n n 
11U.U 


H /A — C / — H ID 


1 no a 
1U0.4 


f^~l f^Q UO A 

C / — Co — HoA 


1 nn ^ 

luy.D 


C / — Co — Hois 


1 nn ^ 

luy.D 


UO A /~^o ITOD 

HoA — Co — Hois 


1 nn £ 

luy.D 


f^n r^o uor 
C / — Co — HoC 


1 nn £ 

luy.D 


UO A /"^O [ [ ti / ' 

HoA — Co — HoC 


1 nn £ 

luy.D 


Hois — Co — HoC 


1 nn £ 

luy.D 


\r1 f^(\ 

jn i — cy — Co 


111 n /c\ 
121.y (D) 


\T 1 r^n TTQ 

jn i — cy — Hy 


lion 

ny.u 


r^c f^t\ un 

Co — cy — Hy 


1 1 n n 

i iy.u 


JN3 — C1U — JN2 


1 1 z; a fA\ 

110.4 (4) 


JN 3 — C 1 U — a 1 


11/1 1 {A \ 

124.1 (4) 


JN2 — C1U — M 


i i n c i A \ 
liy.D (4) 


f^t\ \ti \n 
Cy — JN 1 — JN2 


11/11 i z\ 
114.1 (D) 


CIO— N2— Nl 


119.6 (4) 


CIO— N2— H2N 


125.4 


Nl— N2— H2N 


115.0 


CIO— N3— H3NA 


128.8 


CIO— N3— H3NB 


119.0 


H3NA— N3— H3NB 


112.1 
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V. Z.U — 1 1 _u 


U.7JUU 


N4 — ^N5 


1.374 (5) 


N5 — H5N 


0.8736 


— H6NA 


0.8703 


N6 — H6NB 


0.8816 


03 — H30 


0.8286 


n i pn 
— Cll — ClZ 


1 in 1 
12U.1 (D) 


U3 — Cll — Clo 


nn 1 { a\ 

ny.3 (4) 


Clz — CI 1 — Clo 


1 in /: 
12U.0 (D) 


C 1 3 — C 1 z — U4 


1 1/; i 
120.2 (D) 


C 1 3 — C 1 Z — C 1 1 


1 in i 
12U.3 (D) 


<J4 — C 1 Z — C 1 1 


1 1 1 c 

113. D p) 


nn pn /~i i /i 
C 1 Z — C 1 3 — C 1 4 


1 1 n c 
liy.D (D) 


pn pn 1 1 n 
C 1 Z — C 1 3 — rl 1 3 


1 in i 
LZU.i 


pi/i pn XJ1"5 
C 1 4 — C 1 3 — hi 1 3 


1 in i 
12U.3 


pi r PI/1 pn 

CI j — C14 — C13 


1 in n 
12U.y (D) 


PK P 1 /) TT1 yl 

CI J — C14 — hi 14 


line 

ny.D 


pi Q PI/1 TT1/1 

C13 — C14 — hi 14 


nn r 

ny.D 


Pl/I pu p 1 z 

C 1 4 — C 1 j — C 1 o 


1 in n 
12U.U (D) 


PI /| pi f I I 1 C 

C 14 — C 1 J — rl 1 j 


1 in n 
12U.U 


PU pi f I I 1 C 

C 1 0 — C 1 J — rl 1 j 


1 in n 
12U.U 


pii pi £ pi r 
Cll — Clo — CI j 


1 1 O "7 

llo./ (D) 


p 1 1 p 1 /: pta 
Cll — Clo — CZU 


1 1 O O { £\ 

llo.o (D) 


PK p i /: pin 

C 1 j — C 1 o — CZU 


1 11 A i Z\ 

122.4 (D) 


r\A pi -7 p 1 o 
U4 — C 1 / — C 1 o 


1 n~7 n fz\ 
1U/.U (D) 


p./i pn nnA 
U4 — CI / — HI /A 


1 1 n i 
11U.3 


pio pn un a 
Clo — CI / — HI /A 


1 1 n i 
11U.3 


pi /| pn Til "7 ID 

<J4 — CI / — HI Id 


1 1 n i 
1 1U.3 


PI o pn I I 1 "7 ID 

Clo — CI / — HI Id 


1 1 n i 
11U.3 


un A p| 7 I I 1 TI) 

HI /A — CI / — HI Id 


1 no /: 
lUo.O 


r^\n pio moA 
C 1 / — C 1 o — H 1 oA 


1 nn c 

luy.D 


pn pi o 1 1 1 on 
C 1 / — C 1 o — H 1 or> 


1 nn c 

luy.D 


TJIOA PIO I1 1 OD 

H 1 oA — C 1 o — H 1 or> 


1 nn ^ 

luy.D 


pn pio mop 
C 1 / — C 1 o — H 1 oC 


1 nn c 

luy.D 


moA pi o mop 
H 1 oA — C 1 o — H 1 oC 


1 nn £ 

luy.D 


moo pio mop 
H 1 or> — C 1 o — H 1 oC 


1 nn £ 

luy.D 


~KJ£. pin \K 
JN o — C 1 y — JN j 


lir/ { A\ 

11D.0 (4) 


pin CI 

JN o — C 1 y — oZ 


11/1 /; l a \ 
124.0 (4) 


\tc p i n oo 
JN j — C 1 y — oZ 


1 1 Q o ( A\ 

iiy.o (4j 


~kja pin pi ^ 
JN 4 — CZU — C 1 o 


1 in n i z\ 
12U.y (D) 


M/i pm i nn 
JN4 — CZU — HZU 


line 

ny.D 


pu pm mn 
C 1 0 — CZU — HZU 


nn r 

ny.D 


Pin M/i \K 
CZU — JN4 — JN j 


IK 1 / A\ 

1 1 D .3 (4) 


CI 9— N5— N4 


121.5 (4) 


C19— N5— H5N 


115.4 


N4 — N5 — H5N 


122.6 


CI 9— N6— H6NA 


116.8 


CI 9— N6— H6NB 


113.8 


H6NA — N6 — H6NB 


122.9 
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Cl — Ol — HIO 


108.4 


CH — 03 — H30 


113.3 


C2 — 02 — C7 


119.6 (4) 


C12 — 04 — C17 


117.2 (4) 


P.1 P 1 P ' "1 C\"t 

U 1 — C 1 — C2 — U2 


A A (H\ 

0.0 (7) 


p.1 n 1 

U3 — Cll — C12 — C13 


1 *7A T 

1 ly.l [p) 


p/: pi pi p.1 
C6 — C 1 — C2 — U2 


1 *7A 1 

1 /y.3 ( j) 


PI /; pi | pn p 1 1 

C16 — Cll — C12 — C13 


A 1 /Q\ 

0.7 (8) 


P. 1 P 1 PI PI 

Ul — Cl — C2 — C3 


1 *7A 1 

—1 /y.i pj 


p.1 n 1 pn p./i 
U3 — C 1 1 — C 1 2 — U4 


1 1 i"7\ 

-1.1 (7) 


p/; pi pi pi 
Co — C 1 — C2 — C3 


0.1 (8) 


P1/C P11 pn p.^i 
C16 — Cll — C12 — U4 


1 *7A /; //i \ 
_ 1 /y.O (4) 


P.1 PI PI P/1 

U2 — C2 — C3 — C4 


1 *70 *7 

-1 /5. / {D) 


r\A pn pii pu 
U4 — C12 — C13 — C14 


1 *7A O 

-1 /y.o (j) 


pi pi pi p/i 
C 1 — C2 — C 5 — C4 


0.3 (8) 


P11 pn pn pu 
Cll — C12 — C13 — C14 


A 1 /Q\ 

-0.1 (8) 


pi pi p/i pc 
C2 — C3 — C4 — CD 


-0.9 (8) 


pin p 1 1 p 1 a pk 
C12 — C13 — C14 — C1D 


A O /Q\ 

-U.s (0) 


pi p/i pc p/: 
C3 — C4 — CD — Co 


1.1 (8) 


P11 PU pif pu 

C13 — C14 — C1D — Clo 


1.2 (8) 


p. 1 p 1 p/: pc 
Ul — Cl — Co — CD 


1 *7A 1 //I \ 

1 /y.3 (4) 


m P11 pu pir 
U3 — Cll — Clo — C1D 


1 *70 A 

-1 /o.y 


pi p 1 p/: pc 
C2 — Cl — Co — CD 


A 1 /"7\ 

0.1 (7) 


pn P11 pu pi c 
C12 — Cll — C16 — C1D 


-0.3 (7) 


p.1 pi p/: pa 
Ul — Cl — Co — CV 


-0.1 (7) 


m P11 pu P1A 

U3 — C 1 1 — C 1 0 — C2U 


-1.7 (7) 


pi p 1 p/: pa 
C2 — C 1 — Co — CV 


1 *7A /I 

—1 /y.4 (d) 


pn P11 pu pia 
C12 — Cll — C16 — C2U 


1 /O.O (j) 


f^A pc p/: pi 
C4 — CD — Co — C 1 


A *7 /OA 

-0.7 (8) 


pu PU PU P11 

C 14 — C 1 D — C 1 6 — C 1 1 


A ZO\ 

-U.o (0) 


f^A pc p/: pa 

C4 — cd — Co — cy 


1 "70 "7 PC\ 

1 /8. / (D) 


PU PK pu PI A 

C 1 4 — C 1 D — C 1 6 — C2U 


1 n /c\ 
— 1 / /.O (j) 


pi p/: pa xti 

ci — Co — cy — JN 1 


1 "7A O /c\ 

1 /y.8 (D) 


P11 pu pin XT /I 

Cll — Clo — C2U — JN4 


1 71 C 

-1 /Z.D (j) 


pc p/; pa "\T1 

cd — Co — cy — JN 1 


A ,1 po\ 
U.4 (6) 


pk pu pin M/t 
C 1 D — C 1 0 — C2U — JN 4 


4.5 (8) 


p/: pa \n \n 
Co — Cy — JN 1 — JNZ 


1 nn (\ 1 a \ 
— 1 / /.y (4) 


P|(T P1A M/1 MC 

C 1 0 — C2U — JN 4 JN D 


1 / l.i (4) 


XT'} PI/1 Ml TvT 1 

JN 3 — C 1 0 — JN 2 — JN 1 


2.9 (8) 


TvT/I P 1 A TVTC ~KT A 

JN6 — C19 — JND — JN4 


—2.6 (8) 


SI— CIO— N2— Nl 


-178.2 (4) 


S2— C19— N5— N4 


177.4 (4) 


Cy— Nl— N2— CIO 


-175.9 (5) 


C20— N4— N5— C19 


177.6 (5) 


C3— C2— 02— C7 


2.3 (8) 


C13— C12— 04— C17 


-8.7 (8) 


Cl— C2— 02— C7 


-176.8 (5) 


Cll— C12— 04— C17 


171.6 (5) 


C8— C7— 02— C2 


179.8 (5) 


C18— C17— 04— C12 


-175.6(5) 



Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


K-A 


D-A 


D—H-A 


Ol— H10-S2 i 


0.83 


2.53 


3.180 (4) 


135 


03— roo-si" 


0.83 


2.43 


3.143 (4) 


145 


N2— H2N-03' 


0.90 


2.20 


2.954 (6) 


142 


N5— H5N-01" 


0.87 


2.17 


3.009 (5) 


160 


N3— H3NB-S2 m 


0.90 


2.53 


3.403 (4) 


166 


N6— H6NB-Sl iv 


0.88 


2.55 


3.398 (5) 


161 


Symmetry codes: (i) xH 


-l,y, z; (ii)x-l,_v, z; (iii) x+\,y,z-\; (iv)x- 


-l,y,z+l. 
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Fig. 2 




S2 
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